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Abstract 
Automaticity can be established by consistently reinforcing contingencies during 
practice. During reinforcement learning, however, new relations can also be derived, which 
were never directly reinforced. For instance, reinforcing the overlapping contingencies A  B 
and A  C, can lead to a new relation B-C, which was never directly reinforced. Across five 
experiments we investigated if such derived relations can also induce automatic effects. We 
first trained participants to derive a relation between a nonsense word and a color word, and 
then used the nonsense words as distractors in a Stroop task. Results indicate that derived 
color-word associates induce Stroop effects. This effect, however, is present only when 
sufficient attention is allocated to the distractor words during the Stroop task, and is driven by 
a response conflict. We conclude that, under the present training conditions, derived color-
word associates became related to the corresponding color word at the lexical level, but did 
not gain direct access to the corresponding semantic color representation.  
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Stroop-like effects for derived stimulus-stimulus relations. 
Automaticity occupies center stage in many areas of psychology (e.g., Moors, 2016; 
Moors & De Houwer, 2006). Although recent work suggests that automaticity is a 
multifaceted concept (e.g., Bargh, 1992; Moors, 2016; Moors & De Houwer, 2006 for 
elaborate discussions), it is often conceived of as fast and uncontrolled behavior, which is 
unintentionally performed. Automaticity develops over practice. This was, for instance, 
demonstrated by Schneider and Shiffrin (1977), who presented training phases in which 
stimuli were either consistently related to the same response, or inconsistently related to 
different responses. In a subsequent test phase, a different response mapping was imposed and 
performance deteriorated for stimuli that were consistently related to a particular response in 
the training phase, compared to stimuli that were inconsistently related to different responses. 
This basic finding has now been elaborated in many ways (for examples, see Moutsoupoulou 
et al., 2015; Pfeuffer et al., 2017; Waszak, Hommel, & Allport, 2003; Verbruggen & Logan, 
2008), thus emphasizing the importance of taking learning history into account when studying 
automaticity. Such a learning history can be experimentally induced, as in the aforementioned 
example, but is evidently also present prior to an experimental session. A classic example is 
the Stroop task (Stroop, 1935; for reviews, see MacLeod, 1991, Kalanthroff, Davelaar, Henik, 
Goldfarb, & Usher, 2018), in which participants need to identify the print color of a color 
word while ignoring the meaning of the word itself (e.g., say “green” to the word RED printed 
in green). The congruency or Stroop effect is the observation that people are typically slower 
and less accurate in responding to incongruent trials where the meaning of the word and color 
mismatch (e.g., the word GREEN printed in yellow; GREENyellow), relative to congruent 
trials, where the meaning of the word and color match (e.g., GREENgreen). No explicit training 
phase is present in most Stroop studies. Instead, the automatic effect triggered by the color 
words is based on an extensive learning history that participants have in reading words (e.g., 
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Jensen & Rohwer, 1966; MacLeod, 1991; see also Liefooghe & De Houwer, 2016 for a 
discussion). 
Although the idea that automaticity depends on practice is self-evident, research on 
automaticity has mainly focused on automatic effects in the context of contingencies that were 
directly reinforced during practice (e.g., McLeod & Dunbar, 1988), for instance, by rewarding 
the pairing of two stimuli using error feedback (e.g., Schmidt, Crump, Cheesman, & Besner, 
2007). Yet, a rich vein of research in the reinforcement-learning literature suggests that 
directly reinforcing some set of contingencies also leads to the emergence of new 
contingencies, which were never directly reinforced in the past. Such derived learning has 
been investigated by using the matching-to-sample procedure (MTS; e.g., Sidman & Tailby, 
1982). During a MTS procedure, participants are required to perform conditional 
discriminations by selecting one of two comparison stimuli when a conditional (or sample) 
stimulus is presented (see Figure 1 for an illustration). Consider, for instance, the following 
stimuli ‘RED’, ‘GREEN’, ‘PLESK’, and ‘KLAMF’. ‘RED’ and ‘GREEN’ are used as 
comparison stimuli and ‘PLESK’ and ‘KLAMF’ are used as sample stimuli. Participants are 
tasked with selecting one of the two comparison stimuli, depending on the identity of the 
sample stimuli. For instance, participants may be reinforced via error feedback to select the 
comparison stimulus ‘RED’ when the sample stimulus ‘PLESK’ is presented and the 
comparison stimulus ‘GREEN’ when the sample stimulus ‘KLAMF’ is presented (i.e., 
PLESK RED and KLAMF GREEN). 
Following such conditional-discrimination training, the MTS procedure is presented a 
second time to assess the extent to which training resulted in the formation of new relations. 
Sample and comparison stimuli are once again presented and participants perform the 
conditional-discrimination task without any error feedback. Typically, responses in this 
conditional-discrimination test are in line with the previously trained contingencies. For 
DERIVED STIMULUS-STIMULUS RELATIONS 5 
 
example, the comparison stimulus ‘RED’ will be selected more often when presenting the 
sample stimulus ‘PLESK’ and the comparison stimulus ‘GREEN’ will be selected more often 
when presenting the sample stimulus ‘KLAMF’. However, when reversing sample and 
comparison stimuli (i.e., ‘RED’ and ‘GREEN’ now serve as samples; ‘PLESK’ and 
‘KLAMF’ as comparisons), the comparison stimulus ‘PLESK’ will be selected more often 
when presenting the sample stimulus ‘RED’ and, likewise, the comparison stimulus 
‘KLAMF’ will be selected more often when presenting the sample stimulus ‘GREEN’. 
Whereas the contingencies ‘PLESK’  ’RED’ and ‘KLAMF’  ‘GREEN’ were directly 
reinforced during training, two additional relations emerge: ‘RED’  ‘PLESK’ and 
‘GREEN’  ‘KLAMF’. Put another way, contingencies trained in one direction lead to 
relations derived in the opposite direction.  
The above type of training can be extended by adding two new sets of overlapping 
contingencies, which are directly reinforced (see Figure 1). For instance,  ‘PLESK’ ’RED’ 
and ‘KLAMF’  ‘GREEN’, on the one hand, and ‘PLESK’  ‘SMELK’ and ‘KLAMF’ 
‘GILPT’, on the other hand. In this case, both sets of contingencies share the same sample 
stimuli (‘PLESK’ and ‘KLAMF), but involve different comparison stimuli (‘RED’ and 
‘GREEN’ vs. ‘SMELK’ and ‘GILPT’).  During a subsequent test phase in which no 
reinforcement is provided, responses in line with the contingencies that were previously 
reinforced (e.g., ‘KLAMF’  ‘GREEN’) as well as reversed responding will be observed 
(e.g., ‘GREEN’  ‘KLAMF’). In addition, when combining comparison stimuli of both sets 
contingencies by using one set of comparison stimuli as sample stimuli (e.g., sample stimuli 
‘RED’, ‘GREEN’; comparison stimuli: ‘GILPT’,‘SMELK’), the comparison stimulus 
‘SMELK’ will be more likely selected when presenting the sample stimulus ‘RED’ and 
comparison stimulus ‘GILPT’ is more likely to be selected when presenting the sample 
stimulus ‘GREEN’. The direct reinforcement of partially overlapping contingencies in the 
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training phase thus results in the formation of several new relations which were never directly 
reinforced, namely: ‘RED’  ‘SMELK’, ‘SMELK’  ‘RED’, ‘GREEN’  ‘GILPT’, 
‘GILPT’  ‘GREEN’. 
When these different emergent or derived relational responses are observed the stimuli 
involved are said to participate in an equivalence relation (e.g., people ‘act as if’ ‘GREEN, 
‘KLAMF’, and ‘GILPT’ are equivalent in some respect) or belong to equivalence classes of 
stimuli (Sidman, 2000; 2009). Sidman (e.g., 1990, 1994, 1997) related stimulus equivalence 
to the presence of three mathematical relations: reflexivity, symmetry, and transitivity. 
Reflexivity indicates that each stimulus is conditionally related to itself (i.e., “if a, then a”). 
Symmetry requires that the relation between stimuli be reversible (e.g., training “if a, then b” 
results in “if b, then a”). Finally, transitivity refers to the fact that when a relation between 
two stimuli (“if a, then b”) is recombined with a second relation containing one of those 
stimuli and a novel stimulus (“if b, then c”), a novel relation emerges (“if a, then c”).  
A classic demonstration of derived stimulus relating was provided by Sidman and 
Tailby (1982). The authors trained analphabetic children to select pictures of objects or 
animals when hearing the corresponding word (e.g., point to the picture of a dog [comparison] 
in the presence of the word “dog” [sample]). The children were also trained to select written 
words when hearing the corresponding word (e.g., point to the written word “dog” 
[comparison] in the presence of the spoken word “dog”). Following such training, the children 
were not only able to apply the reinforced contingencies, but also to relate the written words 
to their pictorial counterparts and vice versa. In other words, new relations were derived 
which were not directly reinforced during training. Since Sidman and Taibly’s (1982) 
observations, this phenomenon has been extensively documented (e.g., Barnes & Holmes 
1991; Cullinan, Barnes, Hampson, & Lyddy 1994; Hayes & Hayes, 1992; Sidman, 1986; 
Wulfert & Hayes, 1988, see Barnes-Holmes et al., 2004; Hughes & Barnes-Holmes, 2016 for 
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reviews) and applied in various educational programs (e.g., de Rose, de Souza, Rossito, & de 
Rose, 1992).  
Derived stimulus-stimulus relations thus indicate that reinforcement learning can lead to 
more than the emergence of directly reinforced responses. If we combine this idea with our 
original premise, namely that automaticity is a function of practice, then a new question 
arises: can derived stimulus-stimulus relations also induce automatic effects? The present 
study tackles this issue. To this end, we implemented the aforementioned example on 
conditional discrimination. More precisely, we used conditional-discrimination training to 
establish two classes of equivalent stimuli. Each class consisted of a color word and two 
nonwords (e.g., ‘GREEN’, ‘KLAMF’, ‘GILPT’; ‘RED’, ‘SMELK’, ‘PLESK’). Whereas the 
relation between the color word and the first nonword was directly reinforced via error 
feedback (i.e., reinforced associate), the conditional-discrimination training was constructed 
in such a way that the relation between the color word and the second nonword emerged via 
derivation (i.e., derived associate). Following training we then presented a modified Stroop 
task which included the color words and their associates as distractors.  
Within the aforementioned procedure, our main question was whether the nonwords 
which were related to the color words through reinforcement or derivation could also induce a 
Stroop effect. Previous work has shown that directly reinforced contingencies can trigger a 
congruency effect when incorporated into a Stroop-like task. For instance, MacLeod and 
Dunbar (1988) trained participants to name a particular color when a specific shape was 
presented (e.g., triangle  “yellow”). After extensive training, these contingencies triggered a 
Stroop effect when participants were required to name the color in which the shapes were 
printed. More recently, Schmidt et al. (2007) let participants identify the color of a neutral 
distractor word (e.g., MOVE), which was presented in a particular color on 75% of the trials. 
Color identification was faster when the words appeared in the color they were most often 
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presented in relative to when they appeared in another color. Such a finding again indicates 
that the direct reinforcement of arbitrary contingencies between a color and a color word, 
leads to automatic response biases. Finally, Geukes, Gaskell, and Zwitserlood (2015; see also 
Richards & Blanchette, 2004 for a similar approach) presented participants with word-word 
pairs, each consisting of a color word and a nonword. Some of these pairs were presented 
more frequently than others and participants thus learned to relate a nonword to a particular 
color word. These nonwords triggered a congruency effect when used as distractors in a 
Stroop task. Given these past findings, we expected to observe Stroop effects for directly 
reinforced associates. Yet, to our knowledge, no evidence is available suggesting that derived 
associates can also trigger Stroop effects. With this in mind, we set out to provide a first test 
of the idea that derived stimulus-stimulus relations lead to automatic effects as measured by 
the Stroop task.  
Experiment 1 
In Experiment 1, we used conditional-discrimination training to establish two 
equivalence classes, each consisting of a color word, a reinforced associate, and a derived 
associate. Following this training, we administered two tests. First, we assessed if training led 
to the formation of two equivalence classes by using a test in which we probed for the 
presence of symmetrical (i.e., is SMELK more likely to be selected when RED is presented, 
following the training of the contingency SMELK  RED) and transitive responding (i.e., is 
GILPT more likely to be selected when RED is presented, following the training of the 
contingencies SMELK  RED and SMELK  GILPT) in the absence of reinforcement. 
Second, we administered a modified Stroop task which included the color words and their 
associates as distractors. We had two questions: (a) did training led to the formation of two 
equivalence classes, and (b) do reinforced and associates also induce a Stroop effect?  
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Method 
Participants. Fifty-seven students at Ghent University participated in exchange for €10. 
Participants were naive to the purposes of the experiment. For each experiment we aimed for 
a minimal sample of 32 participants, which is advisable for detecting a medium-sized effect 
with a power of .80.  
Materials. Conditional-discrimination training. On each trial of the MTS task a 
sample stimulus was presented in the center of the screen, along with two comparison stimuli 
on the bottom left and right of the screen (see Figure 1). Participants did not receive 
instructions about the correct sample-comparison mappings and had to learn these on the basis 
of error feedback. They were instructed to match a sample stimulus to one of the two 
comparison stimuli by pressing either a left- or a right-key (either the “A” or “P” keys on an 
AZERTY keyboard). The left-right position of the comparison stimuli varied randomly on a 
trial-by-trial basis and each alignment occurred equally often. Selecting the correct 
comparison stimulus led to a 1000ms intertrial interval, followed by the next trial, whereas 
selecting the incorrect comparison stimulus caused the screen to turn red for 200ms prior to 
the intertrial interval. On each trial, the sample and comparison stimuli were presented for a 
maximum of 5000ms or until a response was emitted. Stimuli were the words ROOD and 
GROEN, which mean ‘red’ and ‘green’ in Dutch (for reasons of clarity we will refer to RED 
and GREEN in the remainder of the paper) and the nonwords SMELK, GILPT, KLAMF, and 
PLESK. Stimuli were presented in uppercase, black, 16 pt. Arial font against a white 
background. 
Conditional-discrimination training consisted of three phases. During the first phase, 
two nonwords (e.g., PLESK and KLAMF) served as sample stimuli while the color words 
RED and GREEN were used as comparison stimuli. Two color word to nonword relations 
were established by reinforcing the selection of a specific color word in the presence of a 
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certain nonword. For instance, the participant was reinforced for selecting PLESK in the 
presence of RED and KLAMF in the presence of GREEN. During the second phase, the 
sample stimuli from the first phase were related to a second set of comparison stimuli (e.g., 
SMELK and GILPT) via reinforcement. For instance, the participant was now reinforced for 
selecting SMELK in the presence of PLESK and GILPT in the presence of KLAMF. The 
order of both training phases were counterbalanced across participants and followed by a third 
phase consisting of a mixed block in which each of the aforementioned relations was 
retrained. The first two phases each consisted of 80 trials (40 per sample stimulus), while the 
third phase consisted of 160 trials (40 per sample stimulus). In the third practice phase, a 
small break was introduced after 80 trials. The duration of the break was self-paced.  In each 
practice phase the presentation of sample and comparison stimuli occurred in random 
sequences, such that the different samples (and the corresponding comparisons) were 
intermixed.  
Test phase. The test phase consisted of a conditional-discrimination test and a Stroop 
task, the order of which was counterbalanced across participants.  
Conditional-discrimination test. A notable change in comparison to the training phase 
was that participants did not receive any corrective feedback after responding. This test 
consisted of three different types of trials that were each presented 40 times (120 trials in 
total). The first trial-type was designed to assess if participants formed the relations between 
stimuli that were directly reinforced during the training phase (e.g., select RED given PLESK 
or GREEN given KLAMF). The second trial type was designed to assess whether the reversed 
(derived) stimulus relation was also formed (i.e., symmetry). To this end, sample and 
comparison stimuli were reversed compared to the training phase. For instance, when the 
selection of RED was reinforced in the presence of PLESK during training, we assessed 
whether PLESK would be selected in presence of RED as a sample stimulus. The third trial-
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type was designed to assess whether transitive relations were established. To this end, sample 
and comparison stimuli of both set of contingencies were recombined. For instance, RED (or 
GREEN) were presented along with SMELK and GILPT and we examined if participants 
were more likely to select RED given SMELK or GREEN given GILPT. Participants were 
provided with a small break after 60 trials. 
Stroop task. Participants had to judge the color (red or green) of distractor words 
(RED, GREEN, KLAMF, GILPT, SMELK, PLESK) by pressing either a left- or a right-key 
(i.e., “A” or “P”) on an AZERTY keyboard. The color-to-response mapping was 
counterbalanced across participants. Each trial began with a fixation mark (‘+’) presented in 
the middle of the screen for 500ms, followed by a distractor word in one of the target colors 
for 5000ms or until a response was made. Following incorrect or late responses, the screen 
flashed red for 200ms, before the 1000ms ITI started.  
Three different types of distractor words were used in the Stroop task. The first were 
the genuine color words RED and GREEN. The second were reinforced associates (e.g., 
PLESK and KLAMF in the aforementioned example). The third were derived associates (e.g., 
SMELK and GILPT). Each stimulus was presented 30 times in each color in uppercase, 16 pt. 
Arial font against a white background. This resulted in 360 trials wherein color words, 
reinforced associates, and derived associates were each presented 120 times. For each type of 
stimuli, half of the trials were congruent with respect to the stimulus color and the other half 
were incongruent (i.e., 60 congruent trials and 60 incongruent trials). Congruent and 
incongruent trials were presented in a random order. A small break was provided after 90 
trials. 
Procedure. Participants were tested in groups of two or three. Each participant was 
placed in a separate cubicle. The experiment was run by using the T-scope C/C++ library for 
Windows (Stevens, Lammertyn, Verbruggen, & Vandierendonck, 2006). Participants signed 
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an informed consent at the onset of the experiment. Specific instructions were provided prior 
to each training and test phase. Prior to the first conditional-discrimination phase, participants 
were instructed about the trial structure of the conditional-discrimination task and how these 
should be responded to, namely, learn to relate the sample stimulus to the correct comparison 
stimulus on the basis of error feedback. An example was provided, which employed stimuli 
different to the stimuli used in the experiment. At the onset of the second phase, participants 
were informed that a new set of sample and comparison stimuli would be trained in exactly 
the same way. Prior to the third practice phase, participants were instructed that the sets of 
both previous phases would be intermixed. Prior to the conditional-discrimination test 
participants were instructed that no error-feedback was provided and that participants could 
respond to the sample stimuli as they believed was correct. The Stroop task was introduced by 
providing standard instructions, which indicated that the color was the relevant color and the 
distractor word were to be ignored. Participants were thus not instructed about the nature of 
the upcoming phases beforehand (i.e., at the onset of the experiment or during a specific 
phase). The experiment lasted for approximately 45 minutes. 
Data Analysis. All data processing and analyses were performed using R (R Core 
Team, 2017). Raw data and corresponding analysis-scripts of all experiments are deposited at 
https://osf.io/q7ckd/.  For each test, data were analyzed by using repeated measured 
ANOVAs, with an α-level of .05. We also report Bayes factors and effect sizes (partial eta 
squared) for all relevant effects and interactions. The ANOVAs were calculated by using the 
‘afex’ package (Singmann et al., 2018), Bayes factors were calculated with the ‘BayesFactor’ 
package, using the default JZS prior (.707; Morey, Rouder, & Jamil, 2015). For all Bayesian 
analyses we report only the BF1 (i.e., the Bayes Factor for evidence in favor of the alternative 
hypothesis), and we interpret them using the classification discussed in Schönbrodt and 
Wagenmakers (2017). Note that rerunning the Bayesian ANOVAs, may lead to slightly 
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diverging results. This is due to variations in sampling noise. Finally, we performed paired-
samples t-tests to decompose main effects and interactions; Bayes factors, effect sizes 
(Hedges’ g), and 95% confidence intervals are also reported for these analyses. 
Results 
Conditional-discrimination test. The main dependent variable was the proportion of 
trials on which a comparison stimulus was selected in line with directly reinforced, symmetry 
and transitive relations, which we refer to as the proportion of correct trials or PCs. Five 
participants had an average PC-score below .70 (.47, .57, .55, .42, .68) and were not 
considered for further analysis. PCs were then submitted to a repeated measures ANOVA 
with the factor Relation Type (Reinforced, Symmetry, Transitivity) as a within-subjects 
factor. The main effect of Relation Type was significant, F(2, 102) = 4.39, MSE = .002, p < 
.05, 𝜂p2= .08, BF= 2.57 ±1.40%. Contrasts indicated that PCs were lower for the transitivity 
relation (M = .90; SD= .07) compared to the directly-reinforced relation (M = .93; SD = .06), 
Mdiff= .03, t(51) = 2.41, p < .05, BF= 2.09, gav
 = .37, 95% CI [.00, .05], and the symmetry 
relation (M = .93; SD = .06), Mdiff= .02, t(51) = 2.32, p < .05, BF= 1.74, gav
 = .35, 95% CI 
[.00, .05]. PCs did not differ significantly between the directly-reinforced relation and the 
symmetry relation, Mdiff= .002, t(51) = .25, p = .80, BF= .16, gav
 = .03, 95% CI [-.01, .02].  
Stroop task. Reaction times (RTs) of the correct trials and PCs of the Stroop task were 
each subjected to a 2 (Trial Type: Congruent, Incongruent) by 3 (Distractor Type: color 
words, reinforced associate, derived associate) repeated measures ANOVA. Cell means and 
corresponding standard errors are presented in Figure 2. For the RTs, analyses revealed a 
main effect of Trial Type, F(1, 51) = 6.43, MSE = 628, p < .05, 𝜂p2 = .11, BF=  3.36 ±2.27%. 
RTs were shorter on congruent (M = 406.81; SD = 56.09) compared to incongruent trials (M = 
413.92; SD = 63.16). Neither the main effect of Distractor Type, F(2, 102) = 1.77, MSE = 
606, p = .29, 𝜂p2 = .02, BF= 0.11 ±3.08%, nor the two-way interaction between Trial Type and 
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Distractor Type were significant, F(2, 102) = 1.77, MSE = 524, p = .18, 𝜂p2 = .03, BF= .27 
±8.84%. Visual inspection of the interaction, however, indicated that the difference between 
congruent and incongruent trials was 14ms for the color words, 6ms for the reinforced 
associates and 2ms for the derived associates. In view of our research question we conducted 
additional contrasts to further explore this interaction. These contrasts suggested that the 
congruency effect was significant for the color words, Mdiff= 13.55, t(51) = 2.41, p < .05, BF= 
2.09, gav
 = .19, 95% CI [2.27, 24.83], but not for the reinforced associates, Mdiff= 6.36, t(51) = 
1.41, p = .17, BF= .38, gav
 = .11, 95% CI [-2.72, 15.43], or the derived associates, Mdiff= 1.68, 
t(51) = .48, p = .64, BF= .17, gav
 = .03, 95% CI [-5.41, 8.78]. 
For the PCs, neither the main effect of Trial Type, F(1, 51) = 1.64, MSE = .001, p = .21, 
𝜂p2 = .03, BF= 0.28 ±1.52%, nor the main effect of Distractor Type, F(2, 102) = .83, MSE = 
.001, p = .44, 𝜂p2 = .02, BF= 0.07 ±1.52%, were significant. The two-way interaction was also 
not significant, F(2, 102) = 1.89, MSE = .001, p = .16, 𝜂p2 = .04, BF= 0.29 ±2.24%. 
Exploratory analyses produced a marginally significant congruency effect for the color words: 
Mdiff= .01, t(51) = 1.89, p = .06, BF= .79, gav
 = .26, 95% CI [.00, .02]. This was not the case 
for the reinforced associates, Mdiff= .00, t(51) = .49, p = .62, BF= .17, gav
 = .08, 95% CI [-.01, 
.01], and the derived associates, Mdiff= .00, t(51) = .93, p = .36, BF= .23, gav
 = .10, 95% CI 
[.00, .01]. 
Additional analysis. Stroop effects are known to become larger for slower responses 
(e.g., Bub, Masson, & Lalonde 2006; Christ, Holt, White, & Green, 2007; Pratte, Rouder, 
Morey, & Feng, 2010; West, 2003). Accordingly, we tested whether Stroop effects were more 
likely to be present when considering the right tail of the reaction-time distribution. To this 
end, the ‘‘Vincent averaging’’ or ‘‘Vincentization’’ technique was used (Ratcliff, 1979; 
Vincent, 1912). For each participant and each cell of the design, correct RTs were sorted in 
ascending order and binned in 5 classes of equal size, using quantiles as boundary values.  
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The mean of each bin was then computed (see also Ambrosi, Servant, Blaye, & Burle, 2019 
for similar approach). For each distractor and trial type, the mean of each bin was averaged 
across participants to obtain an average reaction-time distribution which is representative of 
each individual distribution. Delta plots (e.g., Pratte et al., 2010) were then constructed 
calculating the difference in RT between congruent and incongruent trials within each bin, for 
each distractor type separately. These differences were then plotted as a function of the mean 
RT of the congruent and incongruent trials within that bin, per distractor type. The resulting 
delta plots are presented in Figure 3. For all three distractor types the difference between 
congruent and incongruent trials increases as a function of mean RT length. When 
considering the bin containing the 20% slowest RTs, the Stroop effect measured for the color 
words was significant, Mdiff= 50.77, t(51) = 2.96, p < .01, BF= 7.19, gav
 = .31, 95% CI [16.34, 
85.19]. For the reinforced and derived associates the Stroop effect was numerically present, 
but statistically unreliable (Reinforced associates: Mdiff= 24.40, t(51) = 1.53, p = .13, BF= .45 , 
gav
 = .17, 95% CI [-7.62, 56.42]; Derived associates: Mdiff= 14.47, t(51) = 1.08, p = .28, BF= 
.26 , gav
 = .10, 95% CI [-12.33, 41.27]). 
Discussion 
The results of Experiment 1 are twofold. First, participants performed extremely well on 
the conditional-discrimination test, even though performance was slightly worse on the trials 
probing for transitivity relations. Based on the conditional-discrimination test, it is thus 
reasonable to assume that two equivalence classes were formed that each consisted of a color 
word, a reinforced associate, and a derived associate. Nevertheless, RTs in the Stroop task 
offer only moderate evidence for the hypothesis that congruent stimuli were responded to 
more quickly than incongruent stimuli. Additional contrasts indicated the presence of a 
significant Stroop effect for the color words, but not for the derived and reinforced associates. 
However, the interaction between Trial Type and Distractor Type was not significant. A 
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similar pattern of results was observed for the PCs of the Stroop task, albeit without 
statistically significant differences. In an additional analysis, we inspected the reaction-time 
distributions more closely and concentrated on the bin containing the 20% slowest responses. 
A significant Stroop effect was observed for the color words. Although Stroop effects were 
numerically present for the reinforced and derived associates, these effects were not 
statistically different from zero.  
Taken together, the results of the conditional-discrimination test indicate that new 
relations were derived after the training phases. However, the results of the Stroop task are 
difficult to interpret and the question arises whether the Stroop task used in Experiment 1 was 
optimal for the present purposes. This issue is tackled in Experiment 2.  
Experiment 2 
 One issue with the Stroop task used in Experiment 1 was that participants might not 
have allocated sufficient attention to the distractor words when responding to the target 
colors. As was argued by Besner, Stolz, and Boutilier (1997; see also Bauer & Besner, 1997; 
Besner, 2001; Besner & Stolz, 1999; Manwell, Roberts, & Besner, 2004), processing of 
distractor words in the Stroop task is limited in various ways. Of particular interest for the 
present purposes is that the magnitude of the Stroop effect is drastically reduced when 
congruent stimuli (REDred) are omitted and replaced by neutral stimuli (TABLEred). Besner et 
al. (1997) argued that congruent stimuli encourage participants to read the distractor words. 
Although this reading strategy may be unconscious, it can bias the Stroop task. As a 
consequence, ignoring the irrelevant word on incongruent trials also becomes harder, which is 
evidenced by the observation that the size of the Stroop effect increases as the proportion of 
congruent trials increases (see, e.g., Tzelgov et al., 1996). Of the 360 trials presented in the 
Stroop task of Experiment 1, only 60 were congruent trials, which included a color word as 
distractor. The remaining 120 congruent trials included a nonword. Within such a task 
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context, participants may thus not have been sufficiently encouraged to process the distractor 
words. Accordingly, in Experiment 2 we adapted the Stroop task, such that participants were 
forced to attend the distractor words. To this end, the Stroop task was combined with a 
Go/No-Go task1. In a subset of the trials, participants were instructed not to respond. No-Go 
trials were cued by the identity of two additional nonwords (filler words). Participants were 
thus required to process the identity of the distractor words on each trial of the Stroop task. In 
line with Experiment 1, the central question was whether reinforced and derived associates 
induce a Stroop effect in this adapted version of the Stroop task.  
Method 
 Participants. Fifty-four new participants were recruited at Ghent University and paid 
10 euro for their participation.  
 Procedure. The training phases and the conditional-discrimination test were similar to 
Experiment 1. The Stroop task was adapted in two ways. First, two additional nonwords 
(JULPS and FLIHK) were included. On a subset of the trials, the identity of these two 
distractor words cued that participants did not have to respond to the print color of the 
stimulus. These filler words were only used during the Stroop task and were not part of the 
training phase. Second, we suspected that the colors red and green may be intrinsically related 
to No-Go and Go action tendencies. Therefore we changed the target print-colors to blue and 
yellow. Pilot testing indicated that these latter colors were best perceived on a black 
background and, as such, we changed the background color of the Stroop task from white to 
black. Following these changes, the color words BLAUW and GEEL were now used, which 
mean BLUE and YELLOW, respectively, in Dutch. For reasons of clarity, we use the English 
                                                 
1 The authors are indebted to Adriaan Spruyt for this suggestion. 
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translations in the remainder of the paper. The Stroop task now consisted of 480 trials (120 
trials per distractor type). A break was provided after each 90-trial block.  
Results 
Conditional-discrimination test. Two participants failed to meet the inclusion criterion 
of an accuracy proportion of .70 (.52, .58) and were excluded from subsequent analyses. The 
main effect of Relation Type was significant, F(2, 102) = 5.59, MSE = .002, p < .01, 𝜂p2 = .10, 
BF= 6.75 ±1.49%. PCs were significantly higher for the directly reinforced relation (M = .94; 
SD = .06) compared to the symmetry relation (M = .92; SD = .07), Mdiff= .02, t(51) = 2.73, p < 
.01, BF= 4.18, gav
 = .35, 95% CI [.01, .04], or the transitivity relation (M = .90; SD = .11), 
Mdiff= .04, t(51) = 2.88, p < .01, BF= 5.99, gav
 = .48, 95% CI [.01, .04]. PCs did not differ 
significantly between the transitivity relation and the symmetry relation, Mdiff= .02, t(51) = 
1.47, p = .15, BF= .41, gav
 = .22, 95% CI [-.01, .05].  
Stroop task. Cell means and corresponding standard errors are presented in Figure 4. 
For the RTs, the main effect of Trial Type was significant, F(1, 51) = 64.79, MSE = 2384, p < 
.001, 𝜂p2 = .56, BF > 1000 ± 3.48%. RTs were shorter on congruent trials compared to 
incongruent trials. The main effect of Distractor Type was also significant, F(2, 102) = 8.74, 
MSE = 5489, p < .001, 𝜂p2 = .15, BF > 1000 ± 2.02%. RTs were significantly shorter for color 
words compared to reinforced associates, Mdiff= 33.48, t(51) = 3.09, p < .01, BF= 9.79, gav
 = 
.18, 95% CI [11.69, 55.26], and derived associates, Mdiff= 41.73, t(51) = 3.78, p < .01, BF= 
62.14, gav
 = .22, 95% CI [19.55, 63.89]. RTs did not differ significantly between reinforced 
and derived associates, Mdiff= 8.25, t(51) = .96, p = .34, BF= .23, gav
 = .04, 95% CI [-8.97, 
25.47].  
A two-way interaction between Trial Type and Distractor Type was also obtained, F(2, 
102) = 11.54, MSE = 2746, p < .001, 𝜂p2 = .18, BF = 84.46 ±4.63%. A significant congruency 
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effect was observed for all three distractor types, color words: Mdiff= 84.70,  t(51) = 8.41, p < 
.01, BF> 1000, gav
 = .48, 95% CI [64.48, 104.91]; reinforced associates: Mdiff= 21.61, t(51) = 
2.06, p < .05, BF= 1.06, gav
 = .11, 95% CI [.55, 42.66]; derived associates: Mdiff= 27.23, t(51) 
= 2.85, p < .01, BF= 5.47, gav
 = .13, 95% CI [8.02, 46.43]. The congruency effect was larger 
for the color words compared to the reinforced associates, Mdiff= 63.09, t(51) = 4.99, p < .01, 
BF > 1000, gav
 = .85, 95% CI [37.69, 88.49], and derived associates, Mdiff= 57.47, t(51) = 
3.78, p < .01, BF= 63.19, gav
 = .81, 95% CI [26.98, 87.97]. The congruency effect did not 
differ between the reinforced and derived associates, Mdiff= 5.62, t(51) = .36, p < .72, BF= 
.16, gav
 = .08, 95% CI [-25.67, 36.91]. 
For the PCs, a main effect was observed for Trial Type, F(1, 51) = 36.28, MSE = .001, p 
< .001, 𝜂p2 = .42, BF>1000 ±1.49%. PCs were higher on congruent compared to incongruent 
trials. The main effect of Distractor Type was also significant, F(2, 102) = 3.59, MSE = .001, 
p < .05, 𝜂p2 = .07, BF = 0.74 ±1.68%. PCs were significantly higher on the derived associates 
compared to the reinforced associates, Mdiff= .01, t(51) = 2.82, p < .01, BF= 5.18, gav
 = .29, 
95% CI [.00, .02], and color words, Mdiff= .01, t(51) = 2.06, p < .05, BF= 1.06, gav
 = .24, 95% 
CI [.00, .02]. PCs did not differ significantly between the color words and reinforced 
associates, Mdiff= .00, t(51) = .67, p = .51, BF= .19, gav
 = .09, 95% CI [-.01, .01].  
The interaction between Trial Type and Distractor Type was also significant, F(2, 102) 
= 9.68, MSE = .001, p < .001, 𝜂p2 = .16, BF= 168.03 ±2.25%. The congruency effect was 
significant for the color words, Mdiff= .04, t(51) = 5.84, p < .01, BF> 1000, gav
 = 1.04, 95% CI 
[.03, .06], and the reinforced associates, Mdiff= .02,  t(51) = 3.44, p < .01, BF= 24.56, gav
 = 
.44, 95% CI [.01, .04], but not for the derived associates, Mdiff= .00,  t(51) = .87, p = .39, BF= 
.22, gav
 = .11, 95% CI [-.01, .02]. The congruency effect for the color words was also larger 
than that observed for the reinforced associates, Mdiff= .02, t(51) = 2.26, p < .05, BF= 1.55, gav
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= .41, 95% CI [.00, .04], and the derived associates, Mdiff= .04, t(51) = 4.23, p < .01, BF= 
231.33, gav
 = .86, 95% CI [.02, .06].  
Discussion 
 Results indicated that performance during the conditional-discrimination test was 
significantly better for directly reinforced compared to symmetry and transitivity relations. 
This is slightly different compared to Experiment 1, in which we observed that performance 
was somewhat lower for the transitivity relation compared to the other two relation types that 
were probed. Nevertheless, in general, performance on the conditional-discrimination test was 
good. Hence, it is safe to conclude that two equivalence classes were again formed after the 
conditional-discrimination training.  
 In contrast to Experiment 1, a large Stroop-effect was now present for the color words, 
thus replicating previous findings in the literature (see MacLeod, 1991). More importantly, we 
also observed Stroop effects for the reinforced and derived associates. For the reinforced 
associates, the Stroop effect was significant for the RTs and the PCs. For the derived 
associates, the Stroop effect was significant for the RTs, but not for the PCs. Whereas the 
Stroop effect was larger for the color words compared to the reinforced and derived 
associates, it did not differ between reinforced and derived associates. 
 It could be argued that the presence of Stroop effects in Experiment 2 is not driven by 
the additional demand to process the distractor words, but simply by the fact that response 
times were longer in Experiment 2 than in Experiment 1. Because Stroop effects increase for 
longer RTs, any secondary task that slows down responding may have induced the same 
pattern of results. In order to investigate this issue, we also constructed delta plots for 
Experiment 2. These are presented along with the delta plots of Experiment 1 in Figure 3. For 
the color words, the Stroop effect in Experiment 2 is larger, even for bins which fall within 
the reaction-time range covered by the delta plot of Experiment 1. For the reinforced 
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associates, the Stroop effect is numerically larger for the slower bins in Experiment 1 
compared to the early bins of Experiment 2, which again cover the same range of reaction 
times. For the derived associates, however, the delta plots of both experiments are almost 
completely aligned. This rather mixed pattern of results thus suggests that the Stroop effects 
obtained in Experiment 2, may in part be induced by the need to focus attention on the 
distractor words, but also by shifts in reaction-time distributions. Note, however, that 
regardless of the reasons for the difference in results of Experiments 1 and 2, it is important to 
see that Stroop effects can be found not only for reinforced but also for derived associates. 
Taken together, the results of Experiment 2 suggest that new stimulus-stimulus 
relations that are formed through derivation can induce a response bias upon the condition 
that participants are encouraged to attend to the distractor words. In addition, derived 
stimulus-stimulus relations bias responding to the same extent as directly reinforced stimulus-
stimulus relations. The aim of Experiment 3 was to replicate and further examine the nature of 
these effects.  
Experiment 3 
Past work has frequently pointed to the idea that the Stroop effect has two sources. On 
the one hand, conflict can occur between the meaning of the word and the color, for instance, 
the word ‘GREEN’ and the color ‘yellow’ (i.e., stimulus conflict, Glaser & Glaser, 1982; 
Mackinnon, Geiselman, & Woodward, 1985; Stirling, 1979). On the other hand, the response 
engendered by the word (i.e., pronouncing the word ‘green’) and the response engendered by 
the color (e.g., pronouncing the word ‘yellow’ or pressing an arbitrary response linked to the 
color ‘yellow’) also compete for selection (i.e., response conflict; Klein, 1964). The general 
consensus is that both stimulus and response conflict contribute to the standard Stroop effect 
(Augustinova & Ferrand, 2014; Augustinova et al., 2015; Ferrand & Augustinova, 2014). The 
separate contribution of stimulus conflict and response conflict to the Stroop effect was 
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evidenced by 2-to-1 mapping experiments. For instance, De Houwer (2003; see also, Chen et 
al., 2011; Hasshim & Parris, 2015; Jongen & Jonkman, 2008; Schmidt & Cheesman, 2005; 
van Veen & Carter, 2005) presented participants with a Stroop task in which four target colors 
were present: half of the target colors were mapped to one response key (e.g., green and 
yellow on a left key) while the other half were mapped to a second key (e.g., pink and blue on 
a right key). In this task, there were three different types of trials: (a) identity trials in which 
target color and color word converged (e.g., GREENgreen); (b) same-response trials in which 
target color and color word differed, but both pointed towards the same response (e.g., 
PINKblue); and (c) different-response trials in which the target color and color word both 
required a different response (e.g., GREENpink). The difference in performance between 
identity and same-response trials reflects a stimulus-congruency effect, which is assumed to 
offer a proxy of stimulus conflict, whereas the difference in performance between same- and 
different-response trials reflects a response-congruency effect, which is taken as proxy of 
response conflict. De Houwer (2003) reported evidence for both stimulus and response 
conflicts, with same-response trials being slower than identity trials (stimulus-congruency 
effect), but faster than different-response trials (response-congruency effect). 
In Experiment 3, we applied the 2-to-1 mapping approach in order to investigate the 
nature of the conflict induced by reinforced and derived associates, and by doing so, the 
characteristics of the representations mediating the equivalence classes we established 
through conditional-discrimination training. For the color words, we expected to replicate 
previous findings, which indicate the presence of both stimulus- and response-congruency 
effects (i.e., RT identity trials < RT same-response trials < RT different-response trials; e.g., 
De Houwer, 2003). Yet the more critical question was: which properties of the color words 
are acquired by reinforced and derived associates following conditional-discrimination 
training? This issue can be related to the distinction between lexical and semantic word 
representations. Lexical representations contain information about word forms, whereas 
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semantic representations correspond to word meanings. In the context of language acquisition, 
Kroll and Stewart (1994) assume that second-language word forms (lexical representations) 
do not have direct access to semantic representations, as it is the case for first-language words. 
Instead, lexical representations of second-language words are first translated into the lexical 
representation of their first-language equivalents. Following Kroll and Stewart (1994), 
second-language words only directly access semantics when second-language proficiency is 
sufficiently high. When considering reinforced and derived color words associates as newly 
learned “foreign language” words, two possibilities thus arise. On the one hand, the 
conditional-discrimination training we provided might not have been extensive enough for the 
associates to be directly linked to the semantic representation of the corresponding color. For 
example, nonwords trained to be equivalent with the color word GREEN, would not activate a 
semantic representation “green”. In this case, the Stroop effects observed in Experiment 2 for 
the reinforced and derived associates are based solely on response conflicts. More 
specifically, the reinforced and derived associates may be automatically mapped onto their 
corresponding lexical equivalent, namely the color word, after which the response assigned to 
the corresponding color in the Stroop task is retrieved. In this scenario, a response-congruency 
effect but no stimulus-congruency effect should be observed (i.e., RTs identity trials = RTs 
same-response trials < RTs different-response trials). 
On the other hand, several studies indicate that newly acquired foreign words have 
almost immediate access to semantic representations even at early stages of novel language 
learning (see Brysbaert & Duyck, 2010, for a review). In addition, Schmidt, De Houwer, and 
Hartsuiker (2018) presented Dutch-speaking participants with French color words in a Stroop 
task with a 2-to-1 mapping and observed both a stimulus-congruency effect and a response-
congruency effect. Based on these findings, it could be argued that conditional-discrimination 
training is sufficient for the associates to be directly related to the semantic representation of 
their corresponding color word. In line with Schmidt et al. (2018), both a stimulus- and a 
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response-congruency effect are expected to emerge (i.e., RTs identity trials < RTs same-
response trials < RTs different-response trials). Both hypotheses were contrasted in 
Experiment 3. 
Method 
Participants. Fifty-nine new participants were recruited from Ghent University and 
paid 10 euro for taking part.  
Procedure. A similar procedure was used as in Experiment 2 with three changes. 
First, in the Stroop task participants now had to react to four target print-colors: blue, 
magenta, yellow, and grey. Blue and magenta were mapped to one response key, yellow and 
grey to another. The left-right assignment of the responses was counterbalanced across 
participants. The Stroop task consisted of 576 trials, thus 144 trials per distractor type (color 
words, reinforced associates, derived associates, filler words). For each distractor type, there 
were 48 identity trials, 48 same-response trials, and 48 different-response trials. The Stroop 
task was subdivided in six blocks of 96 trials, with a small break after each block. In order to 
keep the experiment within a 60 minute timeframe, the training phases were shortened to 50 
trials per contingency. As a result, the third training phase only contained 100 trials and no 
break was provided. The memory test was also reduced to 96 trials (i.e., 32 trials for testing 
each relation), without any break. Finally, the 5000ms response deadline was reduced to 
2500ms.  
Results 
Conditional-discrimination test. Four participants failed to meet the inclusion criteria 
of .70 (.44, .47, .65, and .68) and were excluded from subsequent analyses. Overall accuracy 
on the memory test was .87. The main effect of Relation Type was not significant, F(2, 108) = 
.18, MSE = .00, p = .83, 𝜂p2 = .00, BF= .07 ±.95%. Performance was comparable for the 
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directly reinforced (M= .88, SD= .10), symmetry (M= .87, SD= .08) and transitivity relations 
(M= .87, SD= .10).  
Stroop task. Cell means and corresponding standard errors are presented in Figure 5. 
For the RTs, the main effect of Trial Type was significant, F(2, 108) = 79.56, MSE = 4296, p 
< .001, 𝜂p2 = .60, BF > 1000 ±6.02%. The stimulus-congruency effect (i.e., the difference in 
performance between identity trials and same-response trials) was not significant, Mdiff= 
10.11, t(54) = 1.70, p = .09, BF= .57, gav
 = .08, 95% CI [-1.79, 22.01]. The response-
congruency effect (i.e., the difference in performance between same-response and different-
response trials) was significant: Mdiff= 73.25, t(54) = 9.88, p < .001, BF > 1000, gav
 = .55, 95% 
CI [58.38, 88.17].  
The main effect of Distractor Type was also significant, F(2, 108) = 60.25, MSE = 
3456, p < .001, 𝜂p2 = .53, BF > 1000 ±4.04%. RTs were significantly shorter for color words 
compared to reinforced associates, Mdiff= 62.71, t(54) = 10.00, p < .001, BF > 1000, gav
 = .48, 
95% CI [50.14, 75.28], and derived associates, Mdiff= 63.30, t(54) = 9.67, p < .001, BF > 
1000, gav
 = .49, 95% CI [50.18, 76.43]. RTs did not differ between reinforced and derived 
associates, Mdiff= .59, t(54) = .09, p = .93, BF = .15, gav
 = .00, 95% CI [-12.18, 13.37]. 
The interaction between Trial Type and Distractor Type was significant, F(4, 216) = 
17.43, MSE = 1837, p < .001, 𝜂p2 = .25, BF > 1000 ±2.59%. For the color words, the stimulus-
congruency effect, Mdiff= 19.33, t(54) = 2.44, p < .05, BF = 2.17, gav
 = .16, 95% CI [3.42, 
35.25], and the response-congruency effect were significant, Mdiff= 115.67, t(54) = 13.69, p < 
.001, BF > 1000, gav
 = .88, 95% CI [98.74, 132.59]. For the reinforced associates, the 
stimulus-congruency effect was not significant, Mdiff= 2.49, t(54) = .24, p = .81, BF= .15, gav
 
= .02, 95% CI [-18.58, 23.58], whereas the response-congruency effect was significant, Mdiff= 
44.88,  t(54) = 4.58, p < .01, BF = 731.19, gav
 = .33, 95% CI [25.24, 64.51]. A similar pattern 
was observed for the derived associates: a stimulus-congruency effect did not emerge, Mdiff= 
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8.58,  t(54) = 1.05, p = .30, BF = .24, gav
 = .06, 95% CI [-7.71, 24.87]; whereas a response-
congruency effect did emerge, Mdiff= 59.28, t(54) = 5.28, p < .001, BF > 1000, gav
 = .41, 95% 
CI [36.77, 81.79].  
Follow-up contrasts revealed that the stimulus-congruency effect observed for the color 
words did not differ significantly from the non-significant stimulus-congruency effects 
observed for the reinforced, Mdiff= 16.84, t(54) = 1.57, p = .12, BF = .47, gav
 = .25, 95% CI [-
4.61, 38.28], and derived associates, Mdiff= 10.76, t(54) = 1.03, p = .31, BF = .24, gav
 = .18, 
95% CI [-10.17, 31.68]. Furthermore, the response-congruency effect was larger for color 
words compared to reinforced associates, Mdiff= 70.79, t(54) = 6.34, p < .001, BF > 1000, gav
 
= 1.04, 95% CI [48.43, 93.15], or derived associates, Mdiff= 56.39, t(54) = 5.19, p < .001, BF 
> 1000, gav
 = .77, 95% CI [34.64, 78.14]. The response-congruency effect did not differ 
between the latter two distractor types, Mdiff= 14.40, t(54) = 1.27, p = .21, BF = .32, gav
 = .18, 
95% CI [-8.32, 37.13]. 
With respect to the PCs, the main effect of Trial Type was significant, F(2, 108) = 
44.38, MSE = .01, p < .001, 𝜂p2 = .45, BF > 1000 ±2.08%. Whereas no evidence was obtained 
for a stimulus-congruency effect, Mdiff= .00, t(54) = .65, p = .52, BF = .18, gav
 = .09, 95% CI 
[-.01, .02], the response-congruency effect was again significant, Mdiff= .07, t(54) = 7.54, p < 
.001, BF > 1000, gav
 = 1.31, 95% CI [.05, .09]. The main effect of Distractor Type was on the 
verge of being significant, F(2, 108) = 3.17, MSE = .001, p = .05, 𝜂p2 = .06, BF= .10 ±2.09%.  
PCs were lower for the derived associates compared to the color words, Mdiff= .01, t(54) = 
2.18, p < .05, BF = 1.31, gav
 = .21, 95% CI [.00, .02], and the reinforced associates, Mdiff= .01, 
t(54) = 2.05, p < .05, BF = 1.01, gav
 = .15, 95% CI [.00, .01]. PCs did not differ between color 
words and reinforced associates, Mdiff= .00, t(54) = .73, p = .47, BF = .19, gav
 = .07, 95% CI [-
.01, .01]. 
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Finally, the interaction between Trial Type and Distractor Type was also significant, 
F(4, 216) = 6.43, MSE = .001, p < .001, 𝜂p2 = .11, BF= 4.89 ±2.18%. The response-
congruency effect was significant for all three types of distractors; color words: Mdiff= .10, 
t(54) = 8.48, p < .001, BF > 1000, gav
 = 1.58, 95% CI [.08, .12]; reinforced associates: Mdiff= 
.06,  t(54) = 5.13, p < .01, BF > 1000, gav
 = .96, 95% CI [.04, .08]; derived associates: Mdiff= 
.06, t(54) = 4.67, p < .01, BF = 967.76, gav
 = .85, 95% CI [.03, .08]. The response-congruency 
effect was larger for color words compared to reinforced associates, Mdiff= .04, t(54) = 3.49, p 
< .01, BF = 28.47, gav
 = .49, 95% CI [.02, .07], and derived associates, Mdiff= .04, t(54) = 
2.85, p < .01, BF = 5.54, gav
 = .48, 95% CI [.01, .07]. The difference between reinforced and 
derived associates was not significant, Mdiff= .00, t(54) = .22, p = .83, BF = .15, gav
 = .03, 95% 
CI [-.02, .02]. Stimulus-congruency effects were absent for all three types of distractors: color 
words, Mdiff= .01, t(54) = .72, p = .47, BF = .19, gav
 = .11, 95% CI [-.01, .02]; reinforced 
associates, Mdiff= .01, t(54) = .85, p = .39, BF = .21, gav
 = .13, 95% CI [-.01, .03]; derived 
associates, Mdiff= .00, t(54) = .11, p = .91, BF = .15, gav
 = .02, 95% CI [-.01, .01]. 
Additional analyses. Delta plots were again constructed (see  Experiment 1 for a 
description of how this was done) to have a more fine-grained view on the entire reaction-
time distribution and see whether the stimulus-congruency effects were not cloaked in the 
main analysis. As can be seen in Figure 6, the stimulus-congruency effect only slightly 
increased as a function of mean RT for the derived associates: For the Bin containing the 20% 
slowest responses, this effect was around 25ms. However, the corresponding contrast was not 
significant: Mdiff= 24.75, t(54) = 1.24, p = .22, BF = .31, gav
 = .10, 95% CI [-15.18, 64.68]. 
Discussion 
Performance on the conditional-discrimination test was again relatively good, which 
can be taken as evidence that participants formed two equivalence classes after the 
conditional-discrimination training. When considering performance on the Stroop task, results 
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indicated the presence of a response-congruency effect: performance was inferior on 
different-response trials compared to same-response trials. This effect was more pronounced 
for color words compared to reinforced and derived associates. The pattern of results were 
similar for RTs and PCs. The response-congruency effect was similar for reinforced and 
derived associates.  
With regard to the stimulus-congruency effect, the results are more ambiguous. 
Consider, for instance, the RTs. For the color words, the stimulus-congruency effect was 
significant but only anecdotal evidence was obtained for the alternative hypothesis. 
Nevertheless, this pattern is in line with previous studies indicating the presence of stimulus-
congruency effects in the Stroop task when using color words as distractors (e.g., De Houwer, 
2003; Schmidt & Cheesman, 2005; Schmidt et al., 2018).  For the reinforced and derived 
associates, the stimulus-congruency effect was not significant and the corresponding Bayes 
Factors indicated that  the null hypothesis was very likely. The Stroop effect induced by 
reinforced and derived associates is thus mainly driven by response conflict.  
Taken together, the results of Experiment 3 suggest that reinforced and derived 
associates are connected to lexical representations of the color words. During the Stroop task, 
the associates may be automatically translated into their corresponding color words, which in 
turn leads to the activation of the response associated to that color via the instructions of the 
Stroop task. However, the associates do not directly access a semantic representation of the 
color word they are related to.  
Experiment 4 
In Experiment 4, we tested if stimulus conflict is more likely to occur when drastically 
increasing the length of the conditional-discrimination training, which now included 800 
trials. Moreover, the Stroop task now always preceded the conditional-discrimination test. 
The reason for doing so is that in this test, discrimination on the basis of transitivity was 
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tested by presenting derived associates and color words on the same trial. Although no 
reinforcement was provided, the contingent presentation of both types of stimuli may have 
inflated the effect of derived associates in the Stroop task. In Experiment 4, we excluded any 
possibility for such effects by systematically presenting the conditional-discrimination test 
after the Stroop task. Experiment 4 was concerned with two questions: (a) do the response-
congruency effects observed in Experiment 3 replicate, and (b) will a stimulus-congruency 
effect emerge for the reinforced and derived color associates following more extensive 
conditional-discrimination training?  
Method 
Participants. Forty-nine new participants were recruited and paid 20 euro for taking 
part.  
Procedure. The procedure was similar to that used in Experiment 3 with three 
exceptions. First, the number of trials in the conditional-discrimination training was 
quadrupled so that participants now encountered a total of 800 trials (i.e., 200 trials per 
contingency). In all three training phases, small breaks were provided after each block of 100 
trials. Second, the Stroop task was now presented first, followed by the conditional-
discrimination test. Third, the conditional-discrimination test again included 120 trials, with a 
small break after 60 trials (see Experiments 1 and 2). Overall, the experiment took 
approximately two hours.  
Results 
Conditional-discrimination test. Three participants failed to meet the .70 accuracy 
inclusion criterion (.50, .50, and .67) and were excluded from subsequent analyses. The main 
effect of Relation Type was significant, F(2, 90) = 8.56, MSE = .001, p < .001, 𝜂p2 = .14, BF= 
67.36 ±0.56%. PCs were significantly higher for the directly reinforced (M = .94; SD = .06), 
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compared to the symmetry (M = .88; SD = .01), Mdiff= .06, t(45) = 5.43, p < .01, BF > 1000, 
gav
 = .81, 95% CI [.04, .08], and transitivity relations (M = .89; SD = .13), Mdiff= .05, t(45) = 
3.01, p < .01, BF = 8.09, gav
 = .54, 95% CI [.02, .09]. PCs for symmetry and transitivity 
relations did not differ from one another, Mdiff= .01,  t(45) = .37, p = .71, BF = .17, gav
 = .06, 
95% CI [-.03, .04].  
Stroop task. Cell means and corresponding standard errors are presented in Figure 5. 
For the RTs, the main effect of Trial Type was significant, F(2, 90) = 72.50, MSE = 4496, p < 
.001, 𝜂p2 = .62, BF > 1000 ±4.12%. Whereas the stimulus-congruency effect was not 
significant, Mdiff= 14.84, t(45) = 1.76, p = .09, BF = .66, gav
 = .10, 95% CI [-2.11, 31.80], the 
response-congruency effect was, Mdiff= 75.10, t(45) = 10.36, p < .001, BF > 1000, gav
 = .50, 
95% CI [60.49, 89.69]. The main effect of Distractor Type was also significant, F(2, 90) = 
13.48, MSE = 5511, p < .001, 𝜂p2 = .23, BF > 1000 ±4.08%. RTs were significantly shorter on 
color words compared to reinforced associates, Mdiff= 34.93, t(45) = 4.32, p < .01, BF = 
269.39, gav
 = .24, 95% CI [18.63, 51.23], and derived associates,  Mdiff= 49.09, t(45) = 4.75, p 
< .01, BF = 974.86, gav
 = .33, 95% CI [28.26, 69.91]. RTs did not differ significantly between 
reinforced and derived associates, Mdiff= 14.15, t(45) = 1.92, p = .06, BF = .86, gav
 = .10, 95% 
CI [.72, 29.03].  
The interaction between Trial Type and Distractor Type was significant, F(4, 180) = 
14.27, MSE = 2719, p < .001, 𝜂p2 = .24, BF > 1000 ±5.97%. For the color words, both the 
stimulus-congruency, Mdiff= 34.49, t(45) = 3.13, p < .01, BF = 10.96, gav
 = .23, 95% CI 
[12.69, 58.30], and the response-congruency effect were significant, Mdiff= 120.01, t(45) = 
7.92, p < .01, BF > 1000, gav
 = .72, 95% CI [89.49, 150.54]. For the reinforced associates, the 
response-congruency effect was significant, Mdiff= 52.29, t(45) = 5.24, p < .01, BF > 1000, gav
 
= .34, 95% CI [32.19, 72.39], but not the stimulus-congruency effect, Mdiff= 2.17, t(45) = .19, 
p = .85, BF = .16, gav
 = .02, 95% CI [-22.43, 26.98]. Similarly, for the derived associates, the 
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response-congruency effect was significant, Mdiff= 55.60, t(45) = 5.55, p < .01, BF > 1000, gav
 
= .35, 95% CI [35.42, 75.77], but not the stimulus-congruency effect, Mdiff= 10.38, t(45) = 
1.13, p = .27, BF = .28, gav
 = .07, 95% CI [-8.39, 29.15].  
The response-congruency effect observed for the color words was significantly larger 
than that observed for the reinforced associates, Mdiff= 67.72, t(45) = 3.72, p < .01, BF = 
50.24, gav
 = .79, 95% CI [31.08, 104.36], and derived associates, Mdiff= 64.42, t(45) = 3.46, p 
< .01, BF = 24.83, gav
 = .75, 95% CI [26.89, 101.94]. The response-congruency effect did not 
differ between reinforced and derived associates, Mdiff= 3.30, t(45) = 0.28, p = .78, BF = .17, 
gav
 = .05, 95% CI [-20.43, 27.04]. Similarly, the stimulus-congruency effect was significantly 
larger for the color words compared to the reinforced associates, Mdiff= 37.77,  t(45) = 2.73, p 
< .01, BF = 4.21, gav
 = .47, 95% CI [9.87, 65.67], and the derived associates, Mdiff= 25.12,  
t(45) = 2.24, p < .05, BF = 1.53, gav
 = .36, 95% CI [2.53, 47.72]. The stimulus-congruency 
effect did not differ between reinforced and derived associates, Mdiff= 12.65,  t(45) = 1.09, p = 
.28, BF = .28, gav
 = .17, 95% CI [-10.66, 35.95]. 
With respect to the PCs, the main effect of Trial Type was significant, F(2, 90) = 41.55, 
MSE = .01, p < .001, 𝜂p2 = .48, BF > 1000±2.34%. A response-congruency effect was present, 
Mdiff= .08, t(45) = 8.03, p < .001, BF > 1000, gav
 = 1.29, 95% CI [-.10, -.06], but no stimulus-
congruency effect, Mdiff= .01, t(45) = .97, p = .33, BF = .25, gav
 = .13, 95% CI [-.01, .02]. 
Although the main effect of Distractor Type was not significant, F(2, 90) = .67, MSE = .00, p 
= .51, 𝜂p2 = .01, BF = 0.04 ±2.35%, the interaction between Trial Type and Distractor Type 
was significant, F(4, 180) = 12.68, MSE = .00, p < .001, 𝜂p2 = .22, BF >1000 ±2.47%.  
A significant response-congruency effect was observed for all three types of distractor 
words, color words: Mdiff= .13,  t(45) = 8.86, p < .001, BF > 1000, gav
 = 1.75, 95% CI [.09, 
.16]; reinforced associates: Mdiff= .07, t(45) = 5.36, p < .001, BF > 1000, gav
 = .95, 95% CI 
[.04, .09]; and derived associates: Mdiff= .05, t(45) = 3.96, p < .01, BF = 96.38, gav
 = .64, 95% 
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CI [.03, .08].  Once again, the response-congruency effect was larger for color words 
compared to the reinforced associates, Mdiff= .06, t(45) = 4.50, p < .01, BF = 456.05, gav
 = .66, 
95% CI [.03, .09], and derived associates, Mdiff= .08, t(45) = 4.43, p < .01, BF = 380.55, gav
 = 
.82, 95% CI [.04, .11]. The response-congruency effect did not differ between reinforced and 
derived associates, Mdiff= .02, t(45) = 1.18, p = .25, BF = .31, gav
 = .18, 95% CI [-.01, .04].  
The stimulus-congruency effect was not significant for any of the distractor types: color 
words Mdiff= .003, t(45) = .46, p = .65, BF = .18, gav
 = .06, 95% CI [-.01, .02]; reinforced 
associates, Mdiff= .01, t(45) = 1.55, p = .13, BF = .48, gav
 = .22, 95% CI [.00, .03]; derived 
associates: Mdiff= .004, t(45) = .34, p = .73, BF = .17, gav
 = .05, 95% CI [-.02, .03]. 
Additional analysis. As in the previous experiments, we also explore the reaction-time 
distribution by using delta plots. As shown in Figure 8, the stimulus-congruency effects 
observed for the reinforced and derived associates did not vary consistently as a function of 
mean RT. Although this effect was numerically present in the last two bins of the derived 
associates, additional contrasts indicated that these differences were not reliable (Bin 4: Mdiff= 
16.06, t(45) = 1.14, p = .36, BF = .30, gav
 = .08, 95% CI [-12.24, 44.35]; Bin 5: Mdiff= 16.95, 
t(45) = .75, p = .46, BF = .31, gav
 = .06, 95% CI [-28.35, 62.23]). 
Discussion 
 In line with the previous experiments, performance on the conditional-discrimination 
test suggests that two equivalence classes were formed. The results of the Stroop task 
replicate those of Experiment 3. With regard to the response-congruency effect, RTs and PCs 
converged towards the same pattern of results. For the color words a sizeable response-
congruency effect was obtained. Response-congruency effects were also observed for derived 
and reinforced associates. The response-congruency effects for the associates did not differ in 
size, but were substantially smaller compared to the response-congruency effect observed for 
the color words. With respect to the stimulus-congruency effect, only RTs measured on the 
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color words offered moderate evidence for the presence of such an effect. RTs did not offer 
any evidence for the presence of stimulus-congruency effects on the reinforced and derived 
associates. In addition, the stimulus-congruency observed for the color words was 
significantly larger than the stimulus-congruency effects observed for the reinforced and 
derived associates. Finally, PCs did not provide support for a stimulus-congruency effect on 
either of the distractor types.  
 The results of Experiment 4 thus seem to suggest that even drastically increasing the 
amount of conditional-discrimination training does not result in the presence of stimulus-
congruency effects for reinforced and derived associates. Accordingly, the response bias 
triggered by these associates seems mainly driven by response conflict and not by stimulus 
conflict. This again suggests that associates do not access a semantic representation of the 
color they were related to. Before discussing the implications of these results, we first 
consider an alternative explanation of the current results in a final experiment.  
Experiment 5 
Closer inspection of the Stroop effects obtained in Experiments 3 and 4 indicates that 
the observed response-congruency effects were exceptionally large in comparison to the 
Stroop effects observed in Experiment 2. One possibility is that the response-congruency 
effects in these latter experiments were inflated by online learning during the Stroop task. 
More precisely, when fully crossing target colors and distractor words in a two-to-one Stroop 
task, 1/4 of the trials are identity trials, 1/4 same-response trials, and 2/4 are different response 
trials. In Experiments 3 and 4, however, the Stroop task consisted of 1/3 of identity trials, 1/3 
of same-response trials, and 1/3 of different-response trials. This balance was created by 
reducing the number of different-response trials. Consequently, distractor words may have 
come to elicit the response that they were more frequently related to, namely, the response 
required by the identity and same-response trials (i.e., 2/3 of trials). Such contingency 
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learning has been documented extensively before by Schmidt and colleagues (e.g., Schmidt & 
Besner, 2008; Schmidt, De Houwer, & Besner, 2010; Schmidt & De Houwer, 2012a, 2012b, 
2012c) and may have biased the findings of Experiments 3 and 4. Indeed, the response-
congruency effect in these experiments may not only reflect the interference between the 
response linked to the distractor word and the response linked to the target color, but also the 
fact that distractor words were selectively paired to a greater extent with one response (1/3 
identity trials, 1/3 same-response trials) compared to another (1/3 different-response trials). 
Concerned with this issue, we conducted an additional experiment that is reported in the 
Appendix. In this experiment, there was no training phase and only the Stroop task used in 
Experiments 3 and 4 was administered. However, as can be seen in the Appendix, the results 
of this additional experiment mirror the findings of Experiments 3 and 4. As no conditional-
discrimination training preceded the Stroop task, these results indicate that contingency 
learning may have inflated the effects that we attributed to reinforced and derived associates. 
In view of the results of Experiment 2, in which no contingency learning could have biased 
the results because colors and distractor words were fully crossed, it seems unlikely that 
contingency learning may have completely induced the Stroop-effects observed for reinforced 
and derived associates in Experiments 3 and 4. In order to control for the bias induced by 
contingency learning, the Stroop-task used in Experiment 5 was adapted such that an equal 
number of distractor word/target color combinations was presented, which resulted in 1/4 of 
identity trials, 1/4 of same-response trials and 2/4 of different-response trials. Consequently, 
each distractor word was related to each response an equal number of times, meaning that 
contingency learning could not bias our results. The crucial question was whether we would 
observe the same pattern of results for the reinforced and derived associates as we did in the 
previous two experiments (i.e., a response-congruency effect but no stimulus-congruency 
effect). 
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Method 
Participants. Fifty-six new participants took part in exchange for 20 euros.  
Procedure. Experiment 5 was similar to Experiment 4 with one exception. Each 
distractor word during the Stroop task (2 color words, 2 reinforced associates, 2 derived 
associates, 2 filler words) was presented in each color (blue,  magenta, yellow, grey) an equal 
number of times. Doing so required a total of 768 trials, in which 48 identity trials, 48 same-
response trials, and 96 different-response trials were obtained for each type of distractor word 
as well as 192 No-Go trials (i.e., filler words as distractor). The Stroop task was subdivided in 
6 blocks of 128 trials, with a small break after each block. 
Results 
Conditional-discrimination test. Three participants failed to meet the inclusion 
criterion (.63, .49, .62) and were excluded from subsequent analyses. A main effect of 
Relation Type was significant, F(2, 104) = 8.56, MSE = .001, p < .001, 𝜂p2 = .14, BF= 70.28 
±0.98%. PCs were higher for the directly reinforced (M = .93; SD = .07), compared to 
symmetry (M = .90; SD = .07), Mdiff= .04, t(52) = 4.58, p < .01, BF = 686.56, gav
 = .57, 95% 
CI [.02, .06], and transitivity relations (M = .88; SD = .11), Mdiff= .05, t(52) = 3.25, p < .01, 
BF = 14.92, gav
 = .53, 95% CI [.02, .08], while the latter two relations did not differ from one 
another, Mdiff= .01, t(52) = .79, p = .43, BF = .20, gav
 = .11, 95% CI [-.02, .04].  
Stroop task. Cell means and corresponding standard errors are presented in Figure 6. 
For the RTs, the main effect of Trial Type was significant, F(2, 104) = 41.66, MSE = 2300, p 
< .001, 𝜂p2 = .44, BF > 1000 ±2.39%. The stimulus-congruency effect was not significant, 
Mdiff= 2.48, t(52) = .41, p = .68, BF = .16, gav
 = .02, 95% CI [-9.58, 15.54], whereas the 
response-congruency effect was significant, Mdiff= 41.56, t(52) = 8.27, p < .001, BF > 1000, 
gav
 = .30, 95% CI [31.47, 51.65]. The main effect of Distractor Type was also significant, F(2, 
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104) = 35.36, MSE = 3343, p < .001, 𝜂p2 = .40, BF > 1000 ±1.66%. RTs were shorter on color 
words compared to reinforced associates, Mdiff= 35.23, t(52) = 5.28, p < .01, BF > 1000, gav
 = 
.25, 95% CI [21.84, 48.63], and derived associates, Mdiff= 35.73,  t(52) = 5.14, p < .001, BF > 
1000, gav
 = .26, 95% CI [21.77, 49.68]. RTs did not differ significantly between reinforced 
and derived associates, Mdiff= .50,  t(52) = .09, p = .93, BF = .15, gav
 = .00, 95% CI [-10.42, 
11.41].  
The interaction between Trial Type and Distractor Type was significant, F(4, 208) = 
22.53, MSE = 1737, p < .001, 𝜂p2 = .30, BF > 1000 ±1.78%. For the color words, both the 
stimulus-congruency effect, Mdiff= 21.18,  t(52) = 2.21, p < .05, BF = 1.40, gav
 = .16, 95% CI 
[-1.97, 40.38], and the response-congruency effect, Mdiff= 79.91,  t(52) = 10.96, p < .001, BF 
> 1000, gav
 = .58, 95% CI [65.28, 94.53], were significant. For the reinforced associates, the 
response-congruency effect was significant, Mdiff= 26.15,  t(52) = 3.75, p < .01, BF = 57.68, 
gav
 = .18, 95% CI [12.15, 40.15], whereas the stimulus-congruency effect was not, Mdiff= 2.90,  
t(52) = .37, p = .72, BF = .16, gav
 = .02, 95% CI [-13.03, 18.83]. Likewise, for the derived 
associates the response-congruency effect was significant, Mdiff= 17.87,  t(52) = 2.23, p < .05, 
BF = 1.43, gav
 = .13, 95% CI [1.75, 33.99], but not the stimulus-congruency effect, Mdiff= 
11.29,  t(52) = 1.32, p = .19, BF = .34, gav
 = .08, 95% CI [-5.87, 28.46].  
The response-congruency effect was larger for the color words than reinforced 
associates, Mdiff= 53.76,  t(52) = 6.07, p < .001, BF > 1000, gav
 = 1.03, 95% CI [35.97, 71.54],  
and the derived associates, Mdiff= 62.04,  t(52) = 6.35, p < .01, BF > 1000, gav
 = 1.10, 95% CI 
[42.42, 81.65]. The response-congruency effect did not differ between derived and reinforced 
associates, Mdiff= 8.28,  t(52) = .85, p = .40, BF = .21, gav
 = .15, 95% CI [-11.30, 27.87]. The 
stimulus-congruency effect was larger for the color words compared to the reinforced 
associates, Mdiff= 24.08,  t(52) = 2.24, p < .05, BF = 1.48, gav
 = .38, 95% CI [2.52, 45.63], and 
derived associates, Mdiff= 32.47,  t(52) = 2.89, p < .01, BF = 6.13, gav
 = .49, 95% CI [9.96, 
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54.98]. The stimulus-congruency effect did not differ between reinforced and derived 
associates, Mdiff= 8.39,  t(52) = .77, p = .45, BF = .19, gav
 = .14, 95% CI [-30.31, 13.52]. 
With respect to the PCs, the main effect of Trial Type was significant, F(2, 104) = 
28.75, MSE = .001, p < .001, 𝜂p2 = .36, BF > 1000 ±4.17%. The stimulus-congruency effect 
was not significant, Mdiff= .00, t(52) = .13, p = .89, BF = .15, gav
 = .02, 95% CI [-.01, .01], 
while the response-congruency effect was, Mdiff= .03, t(52) = 6.05, p < .01, BF > 1000, gav
 = 
.77, 95% CI [.02, .04]. The main effect of Distractor Type was also significant, F(2, 104) = 
3.69, MSE = .001, p < .05, 𝜂p2 = .07, BF= 0.42 ±4.15%.  PCs were higher for color words 
compared to derived associates, Mdiff= .03, t(52) = 6.20, p < .01, BF > 1000, gav
 = .80, 95% CI 
[.02, .04], but not compared to reinforced associates,  Mdiff= .00, t(52) = .13, p = .89, BF= .15, 
gav
 = .02, 95% CI [-.01, .01]. PCs did not differ significantly between reinforced and derived 
associates, Mdiff= .00, t(52) = .95, p = .34, BF= .23, gav
 = .10, 95% CI [.00, .01]. 
This time the interaction between Trial-Type and Distractor-Type was not significant, 
F(4, 208) = 1.71, MSE = .001, p = .15, 𝜂p2 = .03, BF= 0.17 ±4.46%. Given our research 
questions, we explored whether a stimulus- and/or response-congruency effect was reliably 
present for each type of distractor word. The stimulus-congruency effect did not reach 
statistical significance for any of the distractor words: color words: Mdiff= .00, t(52) = .63, p = 
.53, BF = .18, gav
 = .09, 95% CI [-.01, .02]; reinforced associates: Mdiff= .01, t(52) = .94, p = 
.35, BF = .23, gav
 = .15, 95% CI [.01, .02]; derived associates: Mdiff= .00, t(52) = .56, p = .58, 
BF = .17, gav
 = .09, 95% CI [-.01, .02]. In contrast, the response-congruency effect was 
significant in all three cases, color words: Mdiff= .04, t(52) = 6.43, p < .01, BF > 1000, gav
 = 
.97, 95% CI [.03, .06]; reinforced associates: Mdiff= .02, t(52) = 2.44, p < .05, BF = 2.31, gav
 = 
.43, 95% CI [.00, .04]; derived associates: Mdiff= .02, t(52) = 2.77, p < .01, BF = 4.62, gav
 = 
.43, 95% CI [.01, .04].  
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Additional analysis. Delta plots (see Figure 10) indicate that the absence of a stimulus-
congruency effect was consistent across RT-bins, both for reinforced and derived associates. 
If anything, a slightly reversed stimulus-congruency effect was present for the slower RT bins 
of both distractor types. These reversed effects were, however, not reliable (Reinforced 
associates: Mdiff= -14.25,  t(52) = .71, p = .48, BF = .19, gav
 = .06, 95% CI [-54.69, 26.19]; 
derived associates: Mdiff= -13.58,  t(52) = .57, p = .57, BF = .17, gav
 = .05, 95% CI [-61.69, 
34.54]).  
Discussion 
Performance on the conditional-discrimination test again suggested that we succeeded 
in establishing two equivalence classes. More importantly, Experiment 5 made it impossible 
for online contingency learning to bias the results of the Stroop task. We first consider the RT 
data. For the color words, a sizable response-congruency effect was observed. The stimulus-
congruency effect was significant, but only  anecdotal evidence was obtained for the 
alternative (see also Experiment 3). For the reinforced associates, moderate evidence was 
obtained in support of a response-congruency effect, while the stimulus-congruency effect 
was genuinely absent. For the derived associates, the response-congruency effect was 
significant, but again only anecdotal evidence was obtained.  The stimulus-congruency effect 
was not significant and the corresponding Bayes Factor indicated that the null hypothesis was 
very likely. The response-congruency effect observed for the color words was larger than the 
response-congruency effect observed for reinforced and derived associates. The latter effects 
did not differ. The stimulus-congruency effect observed for the color words was also larger 
compared to the stimulus-congruency effect on the associates.  
For the PCs,  the response-congruency effect was significant for all three distractor 
types.  Strong evidence was obtained for a response-congruency effect in the color words, and 
anecdotal (reinforced associates) to moderate (derived associates) evidence for the associates. 
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Finally, PCs did not offer evidence for a stimulus-congruency effect. Taken together, the 
findings of Experiment 5 are consistent with those of Experiments 3-4: derived and reinforced 
associates can induce a Stroop effect, which is driven by response conflict and not by stimulus 
conflict. Once again this supports the conclusion that conditional-discrimination training leads 
to connections between the lexical representation of color words and their associates, but 
these associates are not able to directly access the semantic representation of their 
corresponding color. 
Bayesian Meta-analysis 
 A potential concern is that Experiments 3-5 were not sensitive enough to detect 
stimulus-congruency effects for reinforced and derived associates. Although the Bayesian t 
tests indicated that the absence of such effect was more likely given the observed data, we 
have to acknowledge that the samples in Experiments 3-5 may not have been large enough to 
detect small effects. A sensitivity analysis was conducted to assess the minimum effect size 
(dz) that could be detected in Experiments 3-5 with 80% power. The minimum effect sizes 
were .34 (Experiment 3), .37 (Experiment 4), and .35 (Experiment 5), which suggests that our 
experiments were primarily sensitive to detect medium-sized effects. In view of this, we 
conducted a Bayesian Meta-Analysis (e.g., Rouder & Morey, 2011) with the package 
‘BayesFactor’, using the default JZS prior (.707; Morey, Rouder, & Jamil, 2015). The Bayes 
Factors obtained through this analysis are based on a combination of the samples of 
Experiments 3-5. As can be seen in Table 1, strong evidence was obtained for response-
congruency effects for all three distractor types and this both for the RTs and the PCs. RTs 
also provided considerable evidence in support of  the presence of a stimulus-congruency 
effect in the color words. PCs did not offer such support. Importantly, even combining the 
data of Experiment 3-5 did not offer convincing evidence for the presence of a stimulus-
congruency effect for the reinforced and derived associates, neither in terms of RTs or PCs. In 
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conclusion, this small meta-analysis confirms the findings obtained in each experiment 
separately. 
General Discussion 
 The present study aimed to extend current knowledge on the relation between 
automaticity and practice by testing whether automatic effects can also be induced by new 
stimulus-stimulus relations, which were formed on the basis of derivation, and in the absence 
of direct reinforcement. To test this idea, we first administered conditional-discrimination 
training with the goal of establishing two equivalence classes. Each class consisted of a color 
word, a reinforced associate, and a derived associate. Following this training, a conditional-
discrimination test and a Stroop task were administered. In all five experiments, the results of 
the conditional-discrimination test indicated that we succeeded in establishing two 
equivalence classes. The results of the Stroop task can be summarized as follows. In 
Experiment 1, only negligible Stroop effects were observed, which led to the conclusion that 
the distractor words were not sufficiently processed during the Stroop task. Accordingly, in 
Experiment 2 the Stroop task was combined with a Go/No-Go task in which participants had 
to refrain from responding to Stroop stimuli when specific distractors were presented (i.e., 
participants were now required to process the distractor words). In this experiment, substantial 
Stroop effects were obtained for the color words, as well as for the reinforced and derived 
associates. In Experiment 3, we tested whether these effects were driven by stimulus conflict, 
response conflict, or both. The results indicated the presence of both types of conflict for color 
words, but only evidence for a response conflict was obtained for the associates. A similar 
pattern of results was obtained when substantially increasing the amount of training 
(Experiment 4) and when controlling for biases produced by online contingency learning 
(Experiment 5). Finally, the Stroop effects obtained for derived associates were always 
similar to the effects obtained for the reinforced associates. 
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 Based on these findings we propose that conditional-discrimination training resulted in 
the formation of connections between lexical representations of the nonwords and their 
corresponding color words. When sufficient attention is allocated to the nonwords during the 
Stroop task, they are automatically (in the sense of fast and unintentionally) translated into the 
corresponding color word, which triggers the retrieval of the response assigned to that color 
via the instructions of the Stroop task. The observation that overall RTs were similar for the 
reinforced and derived color associates suggests that both associates were directly connected 
to the color words and that the translation occurred in a single step (i.e., derived associate  
color word; reinforced associate  color word). This again indicates that directly-reinforced 
relations and derived relations are characterized by similar representations in memory. 
However, in both cases we failed to observe a stimulus conflict as indexed by the stimulus-
congruency effect. Although the conditional-discrimination training was extensive in 
Experiments 4 and 5, the associates did not seem to be directly related to a semantic 
representation of the color that the corresponding color word was referring to. In addition, 
reaction-time distribution analyses or a small meta-analysis did not offer additional support 
for the presence of stimulus-congruency effects reinforced and derived associates. Taken 
together, our findings fit within the proposals of Kroll and Stewart (1994) on second-language 
learning, who argue that newly acquired second-language words are only connected at the 
lexical level with their first-language equivalents, but can only access semantic 
representations when language proficiency is sufficiently high.  
 Following the interpretation we offer for the results of Experiments 3-5, it could be 
argued that the response-congruency effects observed for color words and their associates are 
based on the same processing route. For color words, a lexical representation leads to the 
activation of a semantic representation of the corresponding color, which in turns leads to 
response activation. For the associates, a lexical representation of the associated non-word 
first activates a lexical representation of the corresponding color word, from which the same 
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processing route is activated as for the color words. Following this line of reasoning, it could 
be predicted that the response-congruency effects for the color words are highly correlated 
with the response-congruency effects observed for their associates. Additional analyses, 
however, do not seem to confirm this hypothesis. In general, correlations between both types 
of effects was low (see footnote 2)2. When combining the results of all three experiments by 
using a Bayesian meta-analysis, we obtained no evidence in support of a correlation between 
the color words and the reinforced associates (BF<1) and only anecdotal evidence for a 
correlation between color words and derived associates (BF = 1.35). Although one should be 
careful in interpreting correlations between difference scores as they tend to be unreliable 
(e.g., see Hedge, Powel, and Sumner, 2018 for a discussion of this issue in the context of 
cognitive-control research), the absence of such correlations may indicate that the processes 
underlying the Stroop effect and the processes underlying the automatic effect of derived and 
reinforced associates are perhaps more distinct than we initially assumed.  
When considering previous research on the contribution of response conflict and 
stimulus conflict to congruency effects in different variations of the Stroop task, our findings 
are especially in line with research investigating automatic effects of color word 
contingencies. As mentioned in the Introduction, color word contingency learning consists of 
presenting distractor words more often in one color than in another color (e.g., Schmidt et al., 
2007; Schmidt & Besner, 2008; Schmidt & De Houwer, 2011, 2012). Typically, faster 
responses are observed when a frequent color word contingency is presented as compared to 
when a less frequent color word contingency is presented. Schmidt et al. (2007; see also, 
Schmidt & De Houwer, 2012) observed that such congruency effects are mainly driven by 
response conflict, which led to the conclusion that the biased word-color contingencies 
                                                 
2 : Color word vs. reinforced associate: .25 (Experiment 3), .01 (Experiment 4), .23 (Experiment 5). Color 
word vs. derived associate: .42 (Experiment 3), .06 (Experiment 4), .19 (Experiment 5). 
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resulted in the distractor word becoming directly related to the response required by the color-
judgment task. Similarly, the present results indicate that reinforced and derived associates 
became related to the response of the Stroop task. On the other hand, Schmidt and Cheesman 
(2005) used semantic-color associates as distractor words in a Stroop task with a 2-to-1 
response mappings, such as the word SKY as an associate for the color blue. Schmidt and 
Cheesman (2005) observed that semantic associates only triggered a semantic conflict but no 
response conflict. Based on these findings, these authors concluded that semantic associates 
spread activation to related concepts in semantics, producing semantic conflict with the target 
color concept, but are not potent enough to indirectly bias a potential response (e.g., “sky” 
facilitating “blue” strongly enough to retrieve a left-key response linked to “blue” via 
instructions). Finally, our results are at odds with findings of Schmidt et al. (2018), who 
observed both a stimulus and a response conflict when presenting French color words as 
distractors to Dutch-speaking participants.  
 The aforementioned findings may suggest that the current findings are limited by the 
specific conditional-discrimination training we used. First, the amount of conditional-
discrimination training used in the current experiments may not have been extensive enough 
for participants to consider the nonwords as being semantically equivalent to the color words. 
Semantic associates (e.g., SKY for the color blue) are the product of a lifelong training 
history. Similarly, the Dutch-speaking participants in the study of Schmidt et al. (2018) 
already had some prior knowledge of French prior to the experiment, perhaps a sufficient 
amount for stimulus conflict to emerge. Although the conditional-discrimination training in 
Experiments 4-5 consisted of up to 800 trials, we cannot rule out the possibility that more 
extensive training may result in stimulus conflicts. For instance, Logan and Klapp (1991) had 
to administer multi-day training schemes in order for participants to solve an alpha-numerical 
task automatically. In such a task, participants are required to add a letter to a number (e.g., 4 
+ F = ?). To do so, they need to substitute the letter with its corresponding rank order in the 
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alphabet (i.e., F = 6). Only extended practice enabled participants to do this automatically. 
Second, the nature of the conditional-discrimination training may also be of importance, 
independent of its length. The training task used here required participants to select a nonword 
or a color word upon presentation of another nonword. When considering the distinction 
between lexical and semantic representations of words (e.g., Kroll & Stewart, 1994), this task 
mainly requires lexical processing: one word form needs to be related to another word form. 
Accordingly, the conclusion that the Stroop effect we observed for reinforced and derived 
associates is based on the translation of these associates into their corresponding color word 
may not be surprising. In the end, the conditional-discrimination training mainly targeted the 
formation of relations between lexical representations of color words and nonwords. In 
addition, the nonwords we used were selected arbitrarily and are unlikely to be considered as 
semantic associates by the participants, even after extensive training. In other words, the 
presence of stimulus conflict may arise when adapting the training so that the nonwords are 
more explicitly related to the conceptual representation of a particular color and a context is 
adopted, which offers a more ecological valid analogue of language learning.  
 Based on the assumption that the automatic effects of color words and their associates 
rely on the same processing route, it could be assumed that improving conditional-
discrimination training results in the elimination of the differences between the Stroop-effects 
observed for color words and their associates. At the same time, the alternative hypothesis 
needs to be considered, namely that both types of effects are underlain by different processes. 
In the present study, the automatic influence of color words and color associates was assessed 
by contrasting congruent and incongruent trials. We note, however, that the Stroop literature 
also addresses much more complex data patterns. The comparison between color words and 
associates could thus be extended in several ways. For instance, Stroop effects are supposedly 
underlain by response facilitation on congruent trials and response interference in incongruent 
trials (e.g., Lindsay & Jacoby, 1994; but see Brown, 2011 for a discussion). The question thus 
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arises whether both components are also present for associates? Furthermore, Stroop effects 
are sequentially modulated: Stroop effects are smaller on trials following a Stroop-
incongruent trial (e.g., Notebaert, Gevers, Verbruggen, & Liefooghe, 2006). Although the 
nature of this modulation effect is still under debate (see Egner, 2007 for a review), the 
sequential analysis of properly constructed Stroop tasks may also offer the basis of a more 
fine-grained comparison between color words and associates. Both examples thus indicate 
that future research will be needed to further investigate the communalities and differences 
between Stroop-effects and automatic effects of derived Stimulus-Stimulus relations. 
 To conclude, our results indicate that derived stimulus-stimulus relations can trigger 
an automatic effect to the same extent as directly reinforced stimulus-stimulus relations. This 
finding indicates that direct reinforcement is not a prerequisite for inducing automaticity on 
the basis of novel contingencies. Such a finding is clearly challenging for current theories of 
automaticity. For instance, the question arises how we can account for the current findings in 
terms of episodic-retrieval models of automaticity (e.g., Logan, 1985, 1988; Schmidt, De 
Houwer, Rothermund, 2016). At the same time, we acknowledge the limits of the current 
findings. Automatic effects of derived associates only induced a response conflict when 
participants were encouraged to process the distractor words. It becomes clear that 
overcoming the current limits of reinforced and derived stimulus-stimulus relations also 
imposes a challenge for future research. In addition, the fact that research on second-language 
learning frequently demonstrated that second-language words can access their corresponding 
semantic representations even when second-language proficiency is low (e.g., Altarriba & 
Mathis, 1997; Duyck & De Houwer, 2008; see Brysbaert & Duyck, 2010, for a in depth 
discussion) suggests that there should be conditions under which derived learning can result in 
semantic effects. Future research is needed to establish what these conditions are.  
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Tables 
Table 1. Bayes Factors of the meta-analysis performed on the data of Experiments 3-5.  
 
    Color Words Reinforced Derived 
Stimulus Congruency  RTs 681.44 .06 .07 
 PCs .11 .38 .08 
     
Response Congruency RTs >1000 >1000 >1000 








Figure 1. Illustration of a conditional-discrimination training and test. Solid arrows point 
towards the reinforcement of contingencies during training. Dashed arrows point towards the 
response pattern that is most likely observed during testing, without reinforcement. Besides 
responding in accordance to the directly reinforced contingencies, responses will also be 
based on derived relations, namely: reversed and transitive relations. 
Figure 2. RTs and PCs of Experiment 1 as a function of Trial Type and Distractor Type. Error 
bars denote the standard errors. Standard errors for PCs are printed between brackets. 
Figure 3. Difference in RT between congruent and incongruent trials of Experiment 1 and 
Experiment 2, calculated per bin and per distractor type, and plotted as a function of the mean 
bin RT per distractor type. 
Figure 4. RTs and PCs of Experiment 2 as a function of Trial Type and Distractor Type. Error 
bars denote the standard errors. Standard errors for PCs are printed between brackets. 
Figure 5. RTs and PCs of Experiment 3 as a function of Trial Type and Distractor Type. Error 
bars denote the standard errors. Standard errors for PCs are printed between brackets. 
Figure 6. Difference in RT between congruent and incongruent trials of Experiment 3, 
calculated per bin and per distractor type, and plotted as a function of the mean bin RT per 
distractor type. 
Figure 7. RTs and PCs of Experiment 4 as a function of Trial Type and Distractor Type. Error 
bars denote the standard errors. Standard errors for PCs are printed between brackets. 
Figure 8. Difference in RT between congruent and incongruent trials of Experiment 4, 
calculated per bin and per distractor type, and plotted as a function of the mean bin RT per 
distractor type. 
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Figure 9. RTs and PCs of Experiment 5 as a function of Trial Type and Distractor Type. Error 
bars denote the standard errors. Standard errors for PCs are printed between brackets. 
Figure 10. Difference in RT between congruent and incongruent trials of Experiment 5, 





















































Figure 8.  

















In order to evaluate the extent to which online-contingency learning contributed to the 
findings of Experiments 3 and 4, the Stroop-task used in these experiments was administered 
without any conditional-discrimination training.  
Method 
Participants. Thirty-three new participants were recruited and paid 10 euro to take part.  
Procedure. Participants only completed the manual Stroop task as described in 
Experiment 3. The experiment took approximately 45 minutes to complete. 
Results 
Three participants failed to perform the task in adequate way and had an overall 
accuracy of .00, .00, and .02. These participants were considered as outliers. Cell means and 
corresponding standard errors are presented in Figure A1. With respect to the RTs, a main 
effect of Trial Type emerged, F(2, 64) = 50.27, MSE = 3354, p < .001, 𝜂p2 = .61, BF>1000. 
±2.01%. The stimulus-congruency effect was not significant, Mdiff= 15.72, t(32) = 1.63, p = 
.11, BF = .61, gav
 = .10, 95% CI [-35.39, 3.95], while the response-congruency effect was, 
Mdiff= 62.01, t(32) = 8.85, p < .001, BF > 1000, gav
 = .38, 95% CI [47.74, 76.28]. The main 
effect of Distractor Type was also significant, F(2, 64) = 9.29, MSE = 3354, p < .001, 𝜂p2 = 
.22, BF= 595.39 ±1.88%. RTs were significantly shorter for color words compared to 
reinforced associates, Mdiff= 35.79, t(32) = 4.35, p < .001, BF = 199.17, gav
 = .22, 95% CI 
[19.02, 52.56] and derived associates, Mdiff= 34.98, t(32) = 3.76, p < .01, BF = 44.77, gav
 = 
.21, 95% CI [16.01, 53.94]. RTs did not differ between reinforced and derived associates, 
Mdiff= .81, t(32) = .10, p = .92, BF = .19, gav
 = .01, 95% CI [-16.27, 17.90].  
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The interaction between Trial Type and Distractor Type was significant, F(4, 128) = 
26.18, MSE = 1534, p < .001, 𝜂p2 = .45, BF>1000 ±4.61%. For the color words, a stimulus-
congruency effect, Mdiff= 22.75, t(32) = 2.12, p < .05, BF = 1.33, gav
 = .15, 95% CI [-.87, 
44.62], and a response-congruency effect were observed, Mdiff= 127.61, t(32) = 10.94, p < 
.001, BF > 1000, gav
 = .78, 95% CI [103.86, 151.37]. For the reinforced associates, the 
response-congruency effect was significant, Mdiff= 26.65, t(32) = 2.80, p < .05, BF = 4.97, gav
 
= .16, 95% CI [7.27, 46.04], but not the stimulus-congruency effect, Mdiff= 5.18, t(32) = .41, p 
= .69, BF = .20, gav
 = .03, 95% CI [-20.91, 31.28]. Similarly, no stimulus-congruency effect 
was present for the derived associates, Mdiff= 18.30, t(32) = 1.58, p = .12, BF = .57, gav
 = .10, 
95% CI [-5.30, 41.91], but a significant response-congruency effect was observed, Mdiff= 
33.31, t(32) = 2.81, p < .01, BF = 5.05, gav
 = .19, 95% CI [9.15, 57.47]. 
A similar pattern of findings was evident for the PCs. A main effect of Trial Type was 
obtained, F(2, 64) = 34.05, MSE = .001, p < .001, 𝜂p2 = .52, BF > 1000±1.31%. The response-
congruency effect was significant, Mdiff= .07, t(32) = 6.71, p < .001, BF > 1000, gav
 = 1.47, 
95% CI [.05, .09], but not the stimulus-congruency effect, Mdiff= .01, t(32) = 1.14, p = .26, BF 
= .34, gav
 = .19, 95% CI [-.02, .00]. The main effect of Distractor Type was not significant, 
F(2, 64) = .94, MSE = .001, p = .40, 𝜂p2 = .03, BF = .05 ±1.27%.  
The interaction between Trial Type and Distractor Type was significant, F(4, 128) = 
12.82, MSE = .001, p < .001, 𝜂p2 = .29, BF > 1000 ±1.52%. For all three distractor types a 
response-congruency effect was observed: color words,  Mdiff= .11, t(32) = 6.51, p < .001, BF 
> 1000, gav
 = 1.61, 95% CI [.08, .15]; reinforced associates, Mdiff= .05, t(32) = 4.05, p < .001, 
BF = 92.08, gav
 = .96, 95% CI [.03, .08]; derived associates, Mdiff= .05, t(32) = 4.81, p < .001, 
BF = 676.65, gav
 = 1.01, 95% CI [.03, .07]. In contrast, no significant stimulus-congruency 
effects were observed: Mdiff= .01, t(32) = .96, p = .34, BF = .29, gav
 = .22, 95% CI [-.01, .02]; 
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reinforced associates, Mdiff= .02, t(32) = 1.84, p = .08, BF = .84, gav
 = .43, 95% CI [.00, .04]; 
derived associates, Mdiff= .01, t(32) = .92, p = .37, BF = .28, gav
 = .17, 95% CI [-.01, .02]. 
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Figure A1. RTs and PCs of the experiment reported in the Appendix, as a function of Trial 
Type and Distractor Type. Error bars denote the standard errors. Standard errors for PCs are 
printed between brackets 
